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Motivation

1. Can we use small and fast radio telescopes for
spacecraft tracking?

2. Can we use standard radio astronomy telescopes?

3. Can we get GPS accuracy on outer spacecraft within
the Solar System?

4. Can we obtain the state-vectors estimates in real-
time?
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Phobos-Soil mission profile

PRIDE-Phobos will be crucial for study of celestial mechanics, gravimetric properties
and during the EDL phase.
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PRIDE configuration
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Future planetary missions

VLBI Network of radio telescopes
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General concepts
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Tracking of the descent and landing of Huygens with VLBI
radio telescopes (L. Gurvits and S. Pogrebenko 2004).
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Tracking software

Initial SC detection

Raw data Doppler shift analysis
16 Mhz
1. Phase polynomial fit
SCtrack 2. (multi)-tor_me tracking
3. tone filtering
4. phase detection
4 kHz
Phase Locked Loop Iteration of step 1 and
(PLL) 2 in narrow band.
20 Hz
Filtered output tone
and S/C phase
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Spacecraft detection

VENUS EXPRESS detections with VLBl antennae (23/08/2010)
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Phobos-Soil vs. Venus Express

P=1W (0 dBi) Phobos Soll

SNR =4.12 @1Hz & 1AU

Typical detections of VEX
spacecraft for a 32-m dish:

SNR=9000 @ 5Hz & 1AU A

7th sub-carrier of VEX ~ PhG
Power -195 dBW

Detection at 3 s. and 0.15 Hz
tracking bandwidth -> phase
noise 0.4 rad and Doppler
noise level at 11 mHz.
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Tracking results

The em081c VLBI spacecraft session was observed on the 28" March 2011. We used
10 radio telescopes, the biggest telescope in the network was 40m (Spain). The largest
baseline were set by the baselines Mh-Hh / St-Zn.

We used two different calibrator sources, and alternate observing VEX and quasars with
4 minutes nodding cycle. 80 scans in total and more than 2.5 TB of data in two hours.

UV Coverage for y2211—-1328 in UVPLT Beam for J2225-0457 in v2803 (3.5cm)
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Frequency in videoband [Hz]

Doppler detections per station

The v1100325 session was observed three days before em081c, including 4 radio

telescopes.
Doppler frequency residuals detected on 25 Mar 2011
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Amplitude (relative units)

Phase (radians)

Broad-band correlation

Single baseline correlation results: Onsala — Metsahovi.

Group and phase delays for the VEX signal and the reference source.
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Doppler and phase residuals for PhG?

Detection of the 7" VEX sub-carrier tone. . In the terms of power, this tone can
be used to mimic the Phobos Soil carrier signal.

The accuracy of the detection is dominated by IP scintillations rather than

system noise.
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Spacecraft state vectors estimates

Residual delays from the calibrator

S/C residual phases
Lateral coordinates dRa/dDec

Lateral coordinates dA/dB

deviation 0.19 - 0.035 mas.
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Interplanetary Plasma scintillations ()

« Study of the phase fluctuations can be used to characterise the IP scintillations.

« 2 years — more than 60 observations

« Phase scintillation index direct relation with the solar elongation, distance to the

target, solar activity and radio telescope
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Interplanetary Plasma scintillations (ll)

Phase scintillation 25 March 2011 @ Onsala
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Phase scintillation spectra observed in our
detections are well represented by a near-
Kolmogorov spectrum.

TEC of IP (cm™2), blue line
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Measured TEC and projection of the
phase scintillation index.

Projecting the phase scintillation index onto
Venus-to—Earth IP TEC on the line of sight
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Final Thoughts
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